Introduction
============

In the public opinion, one of the dominant ideas on the life-style of students is the prevailing medication use during exam periods. In December 2007 several journal articles in the Flemish part of Belgium reinforced this idea by reporting on a so-called alarming extent of medication use among students: according to a study of the health insurance company CM, eight out of ten Flemish students used medication during exam periods. This result was interpreted as an alarming new fact. Above all, it was an overreaction due to the misinterpretation by the media. By checking the original results it appeared that eight out of ten students did not use stress-coping or performance-enhancing medication in times of exams. Moreover, students\' medication use was primarily characterised by the use of pain medication and herbal or dietary supplements (preparations of vitamins and/or minerals). This was also shown by other, international studies. 70.6% of U.S. college students reported last-week use of herbal and dietary supplements. No gender or age differences were reported. Vitamins and minerals were used by 59.7% of the students. Herbal products, like ginkgo biloba, St. John\'s wort, kava and valerian, were used by 31.3%. The use of these over-the-counter supplements was linked to distress and mental state problems, most particularly sleeping problems, anxiety and mood fluctuations \[[@B1]\].

In the prevalence figures of the CM study, sedative medication (7.7%) and stimulating medi-cation (3.1%) were only reported occasionally during exam periods. These CM figures correspond more or less to those of a representative sample of students of the Association of University and Colleges Antwerp: 3.5% reported the use of sedative medication during exam periods, 2.6% reported the use of stimulant medication in exam period \[[@B2]\]. But the media coverage put the public focus on the so-called growing medication use among students. The key question is if there really is an evolution towards a higher medication use among Flemish students. The aim of this study is to verify this assumed evolution for psychoactive stimulant medication, based on available research data in Belgium from 1965 onwards.

Medication use among students is often associated with negative emotions due to exam pressure. Emotions like anxiety, anger and depression increase during the week before the exams, compared to a typical week \[[@B3]\]. To cope with these emotions and to perform better in studying, some students put their hopes in the non-medical use of stimulants. Insomnia, stress and anxiety were the most commonly mentioned reasons for taking non-prescribed benzodiazepines. Insomnia and stress were more mentioned by students with multiple social roles (professional occupation, parent), whereas anxiety was more mentioned by students without multiple social roles \[[@B4]\].

Most conducted studies on prescribed medication use among students indicate prevalence figures of less than 10%. In a large-scale Portuguese survey, 7.9% of undergraduate students reported consumption of psychoactive medication (mostly psycholeptics and psychoanaleptics) in the previous fortnight. 7.2% used tranquilizers (anxiolytics, hypnotics and sedatives), 1.9% consumed psychoactive stimulants and 1.7% took antidepressants \[[@B5]\]. An American survey showed that 5.4% of undergraduate students indicated non-medical use of stimulant medication, 2.9% sedative/anxiety medication and 2.0% sleeping medication during the past year \[[@B6]\]. A recent study, based on the results of large-scale nationwide surveys, examined prevalence trends in non-medical use of prescription drugs among US college students (i.e. amphetamines, opioids, sedatives, tranquilizers). Results showed a steady increase in prevalence of life-time and last-year prevalence. The estimated last-year prevalence increased from 4.4% in 1993 to 10.0% in 2001 \[[@B7]\].

Regarding the non-medical use of stimulant medication among students, methylphenidate is a popular product overseas. Svetlov et al. state that in the United States methylphenidate is commonly used by college students for the preparation of exams, helping to enhance their concentration and study performance \[[@B8]\]. This product is worldwide mostly sold under the brand name Ritalin^®^, in Belgium its brand name is Rilatine^®^. But there are also other stimulants for ADHD symptoms that are used as performance-enhancing agent, like the (dextro)amphetamines Aderall^®^and Dexedrine^®^\[[@B9]\]. To students, there are even differences in motives to use one stimulant or the other. The work- or study-enhancing expectancies are higher for the non-medical use of Concerta^®^, a timed-release form of methylphenidate, whereas Ritalin^®^is more often non-medically used for partying \[[@B10]\].

The statement of widely used stimulants needs to be put in perspective. Most recent studies indicate a prevalence of 5.3% to 6.9% for non-medical methylphenidate use \[[@B9]-[@B11]\]. Even if these seem rather low percentages, they represent a large part of the student population in real numbers. In the Antwerp student survey 1.5% of the student population, representing about 400 students on a total population of about 27,000, used stimulant medication on a daily basis during exam periods \[[@B2]\].

An important consideration is that the use of stimulant medication often appears to be illicit. Self-medication of stimulants seems to be even more in existence than the use of prescription stimulants. An American study indicated that the number of undergraduate students who reported illicit use of prescription stimulants exceeded the number of students who reported medical use of prescription stimulants for ADHD. The most cited sources of prescription stimulants for illicit use were friends and peers \[[@B12]\].

These results suggest that the overall use of stimulant medication is rather limited. Clear trends have not been detected in the literature. ADHD medication use seems to be quite popular in American student milieus, but is this just an overseas phenomenon or is it also a prevailing trend in Belgium? Our study aims at assessing the magnitude of and occurring trends in stimulant medication use among Flemish students, by comparing prevalence figures from studies. The influence of gender and residence status is also assessed.

Methods
=======

This retrospective study of medication use among Flemish students over the last four decades is based on scarce data sources that are available. We conducted a literature study, searching the university library databases and Belgian medical journals for \"students\", \"college\", \"stimulant\", \"medication\" and \"drug use\". We managed to collect six relevant scientific studies on this subject:

■ a survey on the use of stimulants, sleeping medication and sedatives during exam periods among students in Ghent in 1965 \[[@B13]\]

■ a survey on the use of psychotropics among students in Leuven in 1967-1968 \[[@B14]\]

■ a survey on the complaints of students in Ghent during exam periods in 1978 \[[@B15]\]

■ a survey on the influence of exams on daily life habits of students in Leuven in 1980 \[[@B16]\]

■ a survey on substance use of students in Leuven in 1993 \[[@B17]\]

■ a survey on substance use of students in Antwerp in 2005 \[[@B2]\].

Unfortunately, the 1978 and 1980 studies did not put a clear focus on medication use of stu-dents. Because of the limited data and vague description of methodology in both studies we decided not to include these in the data comparison.

To maximise the comparability of the data, we only took a look at common variables in the four remaining studies. First, we planned to take the results of both the use of stimulant medication and the use of sleeping medication or tranquilizers. But due to the incomparability of methods and/or results, we had to exclude the use of sleeping medication or tranquilizers from our study.

We took a look at the prevalence figures of stimulant medication use in the four selected studies. Where possible, gender and living status were added. Additionally, we included some other relevant results from the 2005 survey in Antwerp.

The 1965 study was a survey among students of the University of Ghent. A non-representative sample of 1,848 students completed a self-report questionnaire on substance use (83.7% male). Medication use was one of the topics and was divided into two main categories: stimulant medication and sleeping medication or tranquilizers. The pre-exam and exam period were indicated as reference periods for indicating the prevalence of medication use. Stimulant medication was subdivided into three categories. For our study we included the category \"psychotonics\", medication with a stimulant effect similar to amphetamines but with a different chemical structure, e.g. methylphenidate. The categories left out for comparison were \"wekamines\" (amphetamine-based products) and \"strengthening products\" (herbal or dietary supplements). The first category was left out because these products were withdrawn from the Belgian pharmacological market soon after the first studies. The second category was left out because our study does not include over-the-counter-supplements.

The 1968 study consisted of a survey among students of the University of Leuven. A non-representative sample of 6,982 students completed a self-report questionnaire on substance use (77.1% male). Medication use was the central topic. The prevalence of medication use was based on last-year use. Two main categories were included: psychoanaleptics and psycholeptics. Since we only include stimulant medication in this article, the category psycholeptics was excluded. In the psychoanaleptics, we focus on the prescription stimulants.

The 1993 study was a survey among students of the University and Colleges in Leuven. A non-representative sample of 1,992 students completed a self-report questionnaire on substance use (50.9% male). Pre-exam period and exam period were the reference periods for indicating the prevalence of substance use. Medication use was one of the substance use topics and was then divided into six main categories. In this study, we only included the medication category \"stimulants\". Vitamins and tonics were excluded.

The 2005 study was a survey on substance use among students of the Antwerp University Association. A representative sample of 1,501 students was selected (46.9% male). Last-year use as well as use during the three main periods (academic year, exam periods, holiday periods) served as reference periods for indicating prevalence and frequency of substance use. Medication use was one of the substance use topics, subdivided into three categories. For this study, only the category \"stimulant medication\" was included. In the questionnaire it was specified that over-the-counter products (homeopathic products, herbal or dietary supplements) were not considered stimulant medication.

All included studies made comparisons between two subgroups of students: residential stu-dents and commuter students. Residential students are students who live in a residence in the university city or surroundings, away from the parental home, during the week. Commuter students still live in the parental residence and shuttle between home and university/college.

Results
=======

Psychoactive stimulant use over a period of 40 years
----------------------------------------------------

Table [1](#T1){ref-type="table"} shows the prevalence of psychoactive stimulant medication. Every reference period in the different studies indicates a prevalence level lower than 10%. At the end of the sixties the prevalence rate was just above 5%. The 2005 study shows a prevalence rate that is even below 3%. The 1993 study indicates higher prevalence figures: In the pre-exams the prevalence rate lies between the level of the preceding and following studies, but the prevalence in the exam period is clearly higher and approximates 10%.

###### 

Prevalence of stimulant use among Flemish students 1965-2005

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study                        Prové & Varenne\     Van de Voorde et al. (1967-1968)   **Waege et al**.\   **Waege et al**.\   Rosiers & Van Hal (2005)   Rosiers & Van Hal (2005)
                               (1965)                                                  (1993)              (1993)                                         
  ---------------------------- -------------------- ---------------------------------- ------------------- ------------------- -------------------------- --------------------------
  **Number of respondents**    **(n = 1,848)**      **(n = 6,982)**                    **(n = 1,936)**     **(n = 2,007)**     **(n = 1,501)**            **(n = 1,501)**

                                                                                                                                                          

  Male/Female                  M: 83.7%\            M: 77.1%\                          M: 50.9%/F: 49,1%   M: 46.9%/F: 53.1%                              
                               F: 16.3%             F: 22.9%                                                                                              

                                                                                                                                                          

  Residential/\                R: 46.3%\            R: 81.4%\                          R: 81.6%\           R: 29.0%/C: 71.0%                              
  commuter                     C: 53.7%             C: 18.6%                           C: 18.4%                                                           

                                                                                                                                                          

  Reference period             Exams                Last year                          Exams               Pre-exams           Exams                      Last year

                                                                                                                                                          

  Prevalence (%)               5.7%                 5.7%                               9.5%                3.6%                2.6%                       2.9%

                                                                                                                                                          

  Numbers of stimulant users   (n = 106)            (n = 395)                          (n = 183)           (n = 73)            (n = 39)                   (n = 44)

                                                                                                                                                          

  Gender:                      ns                   ns                                 ns                  \-                  \-                         \*\*

  Male (%)                     5.4%                 5.9%                               8.9%                                                               4.3%

  Female (%)                   7.6%                 4.7%                               10.4%                                                              1.8%

                                                                                                                                                          

  Level of\                    p = 0.12             p = 0.07                           p = 0.27            \-                  \-                         p = 0.004
  significance                                                                                                                                            

                                                                                                                                                          

  Living status:               \*\*                 \*                                 \*\*\*              \-                  \-                         \*

  Residential (%)              7.6%                 6.0%                               13.2%                                                              4.7%

  Commuter (%)                 4.1%                 4.3%                               5.6%                                                               2.4%

                                                                                                                                                          

  Level of significance        p = 0.001            p = 0.04                           p \< 0.001          \-                  \-                         p = 0.04

                                                                                                                                                          

  Most popular products        Rilatine^®^(38.7%)   Rilatine^®^(35.4%)                 Catovit^®^(80%)\    \-                                             
                                                                                       Captagon^®^(14%)                                                   
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\*\*\* p \< 0.001

\*\* p \< 0.01

\* p \< 0.05

ns not significant (p ≥ 0.05)

The 1965 study measured the prevalence during exam periods, whereas the 1967-1968 study indicates the prevalence for last year use. Yet both studies show the same level of prevalence: 5.7%. Based on the results of the 2005 study, where both figures are almost as high, it seems assumable that the level of stimulant medication use during exam period is a good indicator for the level of last year use.

No gender differences are found in three of the four studies. Only the most recent study showed significance in the higher prevalence rate among male students, compared to female students. On the other hand, living status is an overall influencing factor. In all four studies the prevalence of psychoactive medication use is higher among residential students, compared to commuter students living at home. The differences are the highest in the 1993 study.

In both studies at the end of the sixties, Rilatine^®^is by far the most consumed stimulant medication. The 1993 study indicates the popularity of the brands Catovit^®^and Captagon^®^. The 1993 study did not mention Rilatine^®^anymore. Unfortunately, the 2005 study did not ask the respondents for the brands or products used. The overseas observed high level of Ritalin^®^use among students has not yet been reported in Belgium, partly because of lack of information. It could be that the recent rise of Rilatine^®^use in the general population leads to a higher degree of Rilatine^®^use among students. In the two last decades Rilatine^®^became popular again, as a prescription medication for ADHD symptoms (Figure [1](#F1){ref-type="fig"}).

![**Sales evolution of Rilatine^®^packs in Belgium 1991-2007 (Source: IMS Health)**.](0778-7367-67-4-169-1){#F1}

Other aspects of stimulant medication use: period and poly use
--------------------------------------------------------------

Table [2](#T2){ref-type="table"} shows the prevalence and frequency of stimulant use among last-year users in the 2005 study. Whereas in holiday periods (11.6%) and during the academic year (20.9%) only a minority of last-year users take this medication, almost every last-year user uses stimulants during exam periods. This supports the assumption that the prevalence in exam periods is a good indicator for last-year prevalence.

###### 

Frequency of stimulant use in three periods (only last-year users) - 2005

                    No use   ≤ 1×/month   2-3×/month   1×/week   2-6×/week   Daily use
  ----------------- -------- ------------ ------------ --------- ----------- -----------
  Academic year     79.1%    7.0%         2.3%         0.0%      4.7%        7.0%
                                                                             
  Exam periods      9.3%     7.0%         4.7%         4.7%      23.3%       51.2%
                                                                             
  Holiday periods   88.4%    4.7%         4.7%         0.0%      0.0%        2.3%

Source: Rosiers & Van Hal (2007)

Regarding the frequency of stimulant medication use, only a small minority of the last-year users reports frequent use (≥ 1×/week) in academic year and holiday periods. This clearly differs from the exam periods. More than 3/4th of the last-year users indicate frequent stimulant medication use during exams. Half of last-year users even report daily use of these products. Extrapolated to the whole student population of 27,000 students, about 400 Antwerp students use stimulant medication on a daily basis during exam periods.

The results of the Antwerp survey also give some indications for poly-substance use among last-year users of stimulant medication. There are significant correlations between last-year stimulant medication use and last-year use of beer (χ^2^(1) = 4.19; p = 0.04) and between last-year stimulant medication use and last-year use of cannabis (χ^2^(1) = 7.00; p \< 0.01).

Conclusions and discussion
==========================

The results of this study show that there is no evidence to perceive/suggest that the stimulant medication use among students is dramatically high or booming. With prevalence rates constantly below 10%, even in exam periods, there is no evidence to reflect on the extent of students\' psychoactive medication use as a worrying situation. The Flemish prevalence figures correspond to the international study results \[[@B5],[@B7]\].

Nevertheless, attention has to be paid to a minority of frequent users. As the results of the 2005 survey show, a small minority uses stimulant medication on a daily basis during exam periods. Nonmedical use of stimulants like methylphenidates incorporates potential risks, like cardiovascular problems, insomnia and gastro-intestinal discomfort \[[@B18]\]. In 2007, the Food and Drug Administration in the USA directed manufacturers of ADHD stimulants to alert patients to possible cardiovascular risks and risks of adverse psychiatric symptoms associated with these medicines \[[@B19]\]. In March 2008, the Belgian Centre for Pharmaco-therapeutic Information (BCFI) adopted the scientific statement of the American Heart Association Council on its website, pointing out the need for cardiovascular monitoring of children and adolescents before starting a stimulant medication treatment for ADHD \[[@B20],[@B21]\].

But there is more than the risk for side-effects of the use of stimulants. Nonmedical users of prescription stimulants are more likely to report poly-drug use and drug-related problems \[[@B11]\]. This is confirmed by the 2005 survey results on poly-use in this study. According to McCabe & Boyd nonmedical users of psychoactive medication who obtain their medication from peers are more likely to report more frequent alcohol and drug use and a higher occurrence of heavy episodic drinking and problematic alcohol use \[[@B6]\].

The assumed trend of rising stimulant use is not found by comparing the four included studies. The 2005 prevalence figure is lower than those in the two studies of the late sixties. The 1993 study indicates higher prevalence rates, due to the popularity of Catovit^®^, a product with a so-called mild effect. Although Catovit^®^was perceived as a rather mild stimulant (prolintane + vitamins), it was withdrawn from the Belgian market in 1993 because the dangerous side effects like cardiovascular problems and anorexia were assessed to be more important than the therapeutic value of the product.

The results of our retrospective comparative study also indicate the popularity of Ritalin^®^/Rilatine^®^in the late sixties. But the 1993 study does not mention this brand anymore. This most certainly is a consequence of the fact that the delivering of Rilatine^®^was put under a more severe prescription regulation in 1969: the classification \"narcotic substance\" (\"verdo-vingsmiddel\" or \"stupéfiant\") was added in the product regulation, leading to a more tightened governmental control over pharmacy sales. But recent trends of increasing methylphenidate use among students in the U.S. could also move to Europe.

No gender differences were found in the four included studies. Concerning living status, sig-nificant differences were found between residential and commuter students. Students living in a residence away from home report higher prevalence of stimulant medication use, compared to students still living in the parental home. This finding corresponds to international findings. McCabe et al. reported that commuter status appears to have an impact on the prevalence of nonmedical use of prescription drugs, with higher rates in non-commuter colleges, compared to commuter colleges \[[@B7]\].

The lesser degree of parental monitoring among residential students could be an influencing factor. This was hypothesised as determinant for the higher consumption of tobacco, alcohol and recreative drugs (cannabis, cocaine, ecstasy and amphetamines) among residential students \[[@B22]\], but this hypothesis may be extended to stimulant medication use. Other studies indicate the manifest role of peers, mostly friends, in supplying (stimulant) medication to students \[[@B5],[@B6]\].

This study highlights the need for further research in this domain, with an additional focus on the use of psycholeptics. Most studies on medication use among students indicate higher prevalence rates for psycholeptics, compared to those for psychoanaleptics \[[@B4],[@B5],[@B23],[@B24]\].

Besides the enlarging of the scope, a more in-depth research approach of medication use among students is expedient. The sources of medication supply, the use of stimulant medication as a party drug and the reasons for using these stimulants could be important issues. Differences between commuter and residential students could be further explored, as well as other potential relevant characteristics, like the study discipline. Results of a French study indicate that medical students using psychoactive medication are more likely to experience feelings of anger, frustrations and bitterness, whereas psychology students using psychoac-tive medication are more likely to be susceptible to stress and to panic when they are in problematic situations \[[@B25]\].
